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INHBITION ASSAY METHOD AND DEVICE FOR DETECTION OF ANTIBIOTICS 
BACKGROUND OF THE INVENTION 

Antibiotics used in animal feed or to treat farm animals such as dairy and beef cattle and 
swine occasionally contaminate the food supply. These antibiotics include, for example, 
beta-lactams, sulfonamides, macrolides, tetracyclines, amphenicols and macrolides. The 
hazards associated with these undesirable residues include allergic reactions, propagation 
of resistant organisms and other long-term health risks. For that reason, government 
agencies such as USDA and FDA require monitoring of such residues in foods. Foods 
such as milk and meat are routinely tested for the presence of such residues. It is an 
object of this invention to provide a user-firiendly method for detecting a variety of 
residues in a single, broad-spectrum test. 

Kidneys of slaughtered animals are routinely screened for the presence of antibiotics. 
Current commercially available detection tests for antibiotics in kidney include the STOP 
TEST for hog kidney and the FAST TEST for veal bob kidney. The STOP TEST is a 24 
hour test and the FAST TEST is a 6 hour test. Although the FAST TEST provides more 
rapid results, a problem with the FAST TEST, particularly in the pork industry, is over- 
sensitivity to certain antibiotics. In addition, both the STOP and FAST test are 
procedurally cumbersome, requiring incubation of a sample swab on a lawn of bacterial 
culture. 

Sensitivity of currently available inhibition tests is based primarily on the growth 
organism and concentration of growth organism, vessel dimensions, media volume, type 
of media, mix of nutrients, incubation time and temperature. In most, if not all, cases 
adjusting test sensitivity using one of those parameters changes test sensitivity to all 
drugs. If a test is adequately sensitive to some drugs, but hypersensitive to other drugs, 
- Other-methods must be employed—A-particular commercially available test that is 
hypersensitive to some drugs is the PREMI Test (PREMI Test is a registered trademark 
of DSM Netherlands). 



1 



The PREMI Test is a relatively rapid test (2.5-4 hours) that detects a broad range of 
antimicrobial drugs below both the European multi drug residue levels (N4RL) and United 
States safe levels. The PREMI Test also suffers from oversensitivity to certain 
antimicrobials, particularly the beta-lactam drugs. Another problem with the PREMI 
Test and other current methods is that they require either a cumbersome extraction 
procedure, or use of organic solvents to remove the drug to be detected from the tissue. 
For example, the PREMI Test requires extraction with acetonitrile/acetone (70:30%). 
The acetonitrile must be removed from the sample prior to test operation. This adds a 
cumbersome procedural step. 

In addition to problems with testing time, over-sensitivity and extraction none of the 
currently available tests are provided in an all-in-one format in which all test reagents and 
sampling devices are provided in one test instrument 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide an easy-to-use test s^paratus and method for 
the microbial culture, growth inhibition, detection of antibiotics in a test sample. In an 
embodiment^ the method and ^paratus includes all of the reagents, premixed together 
and ready for use. Such a pre-mixture can mclude, for example, nutrients, agar, spores 
and color indicator. The user only has to add the sample, or sample extract, and incubate 
for a prescribed time period, for example about 1 .5 to 4 hours, at a prescribed 
temperature, for example about 55-70 degrees C. After test completion results can be 
retained at room temperature for an extended period, for example 6-8 hours or more, 
without a change in color and, therefore, change in test result interpretation. 

-One-embodiment includes at-least-two buffers,-wherein one of said bxififer^ — 
above 7, for example about 8 to about 1 1 , and the other of said buffers has a pka of below 
7, for example about 4.5 to about 6.5. In an example, the low pka buffer is succinate and 
the high pka buffer is borate. In another example, the high pka buffer is trizma base. In 



2 



another embodiment the test method includes reducing antibiotic sensitivity of a 
microbial culture by contacting said culture with at least one adjustment binder, for 
example a microbial enzyme, for at least one antibiotic or other culture growth inhibitor. 
Examples of such microbial enzymes includes a microbial cell wall, antibiotic receptor 
isolated from Bacillus (Geobacillus) Stearothermophilus (B.st). 

Another embodiment of the invention is a test apparatus for the microbial culture, growth 
inhibition, detection of antibiotics in a test sample. The test apparatus can include an 
agar matrix within a reagent chamber. The agar matrix generally includes agar, nutrients, 
at least two buffers and spores. The agdx matrix can be provided within a reagent 
chamber. The reagent chamber can include a sealed bottom end and a membrane seal 
over the top end. In test operation the user can puncture the seal with, for example, a 
pipet tip and then dispense the sample, for example a 200 microliter sample of milk, into 
the reagent chamber. The buffers within the agar matrix will generally include at least 
one buffer with a pka of above 7, for example about 8 to about 1 1, and at least one buffer 
with a pka of below 7, for example about 4.5 to about 6. 

In an example, the low pka buffer is succinate and the high pka buffer is borate. In 
another example, the high pka buffer is tiizma base and the low pH buffer is succinate. 
In another embodiment the test method includes reducing antibiotic sensitivity of the 
microbial culture using an adjustment binder, for example a microbial enzyme that binds 
with at least one culture growth inhibitor. Examples of such microbial enzymes includes 
a microbial cell wall, antibiotic receptor isolated from B.st 

In an embodiment requiring extraction, the extraction reagents are provided separately 
from the other reagents. In an example of a method and apparatus for providing 
extraction reagents, the extraction reagents are provided in a separate reagent 
compartment and are delivered to the customer as a single test imit The seals of the " 
reagent compartments are puncturable membrane seals, for example, metallic foil seals. 
Puncturing the various seals allows mixing of the reagents within the separate 
compartments. The user only has to add the extracted sample and incubate for a 
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prescribed time period, for exan4)le about 1 .5 to about 4 hours, at a prescribed 
temperature, for example about SS-70 degrees C. 

In an example, the complete test unit contains all of the reagents, other than extraction 
reagents, premixed together and ready for use in an agar medium and, in addition, a 
sampling instrument, such as a swab or probe. The probe can be used to puncture the 
various membrane seals separating extraction reagents fcom the agar medium. The probe 
can be used to absorb and apply the sample to the reagents within the test apparatus and 
can comprise an absorbent material such as an absorbent, fibrous, cotton-like or cotton 
material. In another example, a sampling instrument, such as a swab or probe in the 
format of a POCKETSWAB (POCKETSWAB is a registered trademark of Charm 
Sciences, Inc. Lawrence, MA) is provided. The format of the POCKETSWAB provides 
the advantage of controlled movement of the swab in a test device that provides physical 
support for the swab. For example, the swab can be controllably moved into die reagent 
compartment containing an extraction buffer. The extraction buffer can be, for example, 
a buffer solution capable of extracting antimicrobial drugs from a kidney sample, for 
example a bovine or porcine kidney sample. Using the POCKETSWAB device the swab 
can remain in the extraction buffer for the time desired. In addition to the convenience of 
delivering the swab to the customer in an all*in-one device, the POCKETSWAB provides 
the physical support so tiiat the swab will remain within the buffer solution without the 
user providing external support to the swab vAnle soaking in the extracting buffer. After 
extraction, the swab is moved longitudinally through the second membrane seal of the 
reagent compartment allowing the extraction buffer solution containing sample to flow 
onto the agar medium. 

In an embodiment, the agar media includes all of the reagents premixed together and 
ready for use. Such a pre-mixture can include nutrients, agar, spores, color indicator and, 
opifibnally, an adjustment binder. Said adjustment binder can be either combined within 
the agar medium or applied on top of the agar medium. The user only has to add the 
sample and incubate for a prescribed period, for example about 1 .5 to 4 hours, at a 
prescribed temperature, for example abo\it SS-70 degrees C. The adjustment binder 
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reduces - or dowD-regulates- test sensitivity to selected antibiotics or other culture 
growth inhibitor. Possible adjustment binders include antibiotic recq>tors isolated from 
bacteria, monoclonal and polyclonal antibodies. 

In a particular embodiment, the test method is sensitivity reduced to the beta-lactam 
family of antibiotics. A beta-lactam binder is used to selectively reduce test sensitivity 
to the beta-lactams. Test sensitivity will be unaffected relative to antibiotics or inhibitors 
other than beta-lactams. In an embodiment, the beta-lactam binder is from B.st and the 
spores are also of B.st, . 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a user-friendly method, device and kit for the detection of 
a broad range of residues of antibacterial compounds in a sample^ for example a sample 
of agricultural product The user of the test has only to add the sample to be tested, 
incubate and observe the results. Said results are stabilized for later observation by a 
combination buffering system. 

The mechanism of detection in the present invention is microbial growth inhibition. 
Microbes useful in the practice of this invention include, for example, B.sL , B. subtilis^ 
Bacillus megaterium, 5. aureus, Ps. aeuginosay £ coli and generally microbes which can 
be easily cultured and which exhibit detectable growth inhibition in the presence of 
antibiotics. Other examples of microbial growth inhibition tests include those described 
in described in U.S. patent numbers 5,354,663 and 5,489,532, the teachings of which are 
incorporated herein. 

In an embodiment of the method and ^paratus of this invention, all of the reagents 
~ reqmred7drlitibiotic^ other than reagents required for extraction of antibiotics 

from a solid matrix, are combined and provided to. the end-user in an agar medium. If 
required, extraction reagents are provided separately, for example in a reagent 
compartment. 
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In an embodiment for detection of antibiotics in a sample requiring extraction, a reagent, 
siich as an extraction buffer; is used. Pro\dding an extraction buffer that will easily 
extract antimicrobial drugs from a sample avoids complicated extraction methods or use 
of organic solvents. In an embodiment, the extraction buffer contains a combination of 
Trizma Base and Potassiimi Phosphate Monobasic in water at a pH of approximately 7.5. 
Said extraction buffer can be provided separately from the agar medium or, preferably, 
for ease of use, in an all in one test device such as the POCKETS WAB format. After 
sample extraction into the extraction buffer, there is no need to remove the buffer; the 
buffer is simply combined with the test reagents for incubation. 

The POCKETSWAB format is described in U.S. patent number 6,180,395, which is 
incorporated herein by this reference. When provided in the POCKETSWAB format, 
the extraction buffer can be withui a reagent compartment. Said reagent compartment 
can be situated within the device, above the agar m^um. The reagent compartment 
includes membrane seals, for example, puncturable foil seals, on both ends to retain the 
buffer therein. During testing, the swab is removed and contacted with the sample. The 
swab is used to puncture the first seal thereby placing it within the reagmt compartment 
in contact with the extraction reagent. After sufficient time is allowed for extraction to 
occur, the second sealed end of the reagent compartment is punctured allowing die 
contents to flow onto fhe agar medium. Spore germination and bacterial growth, or lack 
thereof, is determined by observation of changes in spore germination and/or bacterial 
growth indicators within the agar medium. 

Possible growth indicators include acid/base indicators that undergo a detectable change 
in the presence of acidic or basic conditions and oxidation/reduction indicators. For 
example, indicators that change color in the presence of an acid or base such as to 
pufpleA>Imsh color if the environment is acidic or yellow color if basic or neutral. In the 
case of bacterial growth, or bacterial growth following germination of spores, acid is 
produced. Thus, indicators will reflect oration of an increasingly acid environment as 
bacterial growth proceeds. If bacterial growth or spore germination is inhibited, for 
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example by antibiotics in the sample, the environment will be less acidic. The color of 
the acid^ase indicator will reflect that relatively low acidity. 

In a preferred embodiment, a double buffering system is utili2ed. For example, a 
combination of buffers, one with a pka of above 7 and another with a pka of below 7, can 
be combined in the agar media. Such a double buffering system can be used to both 
stabilize the reagent system prior to test operation and stabilize results after the testing is 
complete. In a particular example, borate and succinate are used. Borate helps provide a 
high pH environment to stabilize the agar media during storage prior to test operation. 
Succinate helps provide a low pH environment to stabilize the pH of the system after test 
operation. For example, in a negative sample the pH of the agar media will be reduced as 
spores germmate and bacteria multiply. After test completion the color of the agar media 
will reflect the test results. The buffer with pka of below 7, for example succinate, will 
help stabilize the pH of the now acidic environment, thereby minimizing or preventing 
further color change. External pressure for pH change, for example decreased 
temperature as the temperature of the test returns to room temperature, may cause the 
agar media to become more basic. A buffer with pka below 7 will help stabilize the 
result even upon return to room temperature. 

In another embodiment, the buffer with a pka of below 7, for example succinate, is 
chosen for particular temperature stability properties. Some buffers are known to be 
sensitive to temperature changes. In certain embodiments, the herem described test is 
incubated during test operation at above room temperature. Upon test completion the 
temperature of the agar media will return to room temperature. Choice of buffers - a 
buffer for which the change in temperature will have a minimal or no impact - may be 
important. For example, in a negative test the final pH of the agar media will be acidic. 
As the agar media cools, however, the pH of the system will tend to rise, creating a more 
positive^result. A tenq>eratiue stable buffer at befow pka 7 will help stabilize this result 
and allow, for example, for overnight test development with test result observation 
occurring in the morning. In one embodiment, succinate is used in combination with 
borate. In another embodiment trizma is used in combination with succinate. 
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Choice of buffers will be governed by a variety of factors. One factor is avoiding buffers 
that are particularly sensitive to the temperature changes within the test. Another &ctor 
is the starting pH of the particular buffer. For example, trizma base may provide less 
temperature stability as compared to borate. Trizma base, however, can provide a more 
basic starting pH and, therefore, possibly better test sensitivity and stability as compared 
to borate. 

One of the benefits to microbial inhibition type tests is that they tend to be broad 
spectrum tests. For example, botfi beta-lactam and sulfonamide antibiotics will cause 
inhibition of gCTnination and growth of B.sL . This compares, for example, to family or 
antibody specific antibody based tests. It may be desirable, however, to reduce - or 
down-regulate - test sensitivity of a microbial growth inhibition assay to certain 
antibiotics, or other inhibitors, for which the test is overly sensitive. The sensitivity of 
the currently available microbial inhibition tests are based in large part on the particular 
growth organism used, concentration of bacteria or spores, the nutrients provided and the 
incubation time and temperature used. In an embodiment, a bacterial receptor is utilized 
as an adjustment binder alone, or in combination with specific adjustment antibodies. 
Bacterial receptors that are sensitive to multiple antibiotics can allow sensitivity 
adjustment of multiple antibiotics to which the particular bacterial receptor is sensitive. 

Particularly usefiil bacterial receptor adjustment binders include microbial receptors such 
as those described in U.S. patents 4,239,745 and 4,239,852, the teachings of which are 
incorporated herein by this reference. Other possible adjustment binders include 
antibodies or other receptors such as enzymes capable of binding to the antibiotic 
requiring down-regulation. 

Antibiotic bound by such ah adjustment binder is rendered unavailable, or less available, 
to mhibit the bacterial growth. This unavailability may be the result of, for exanqple in 
the case of adjustment biaders being employed on top of the agar medium, the adjustment 
bmder binding to the antibiotic thereby creating a larger molecule which does not easily 
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dififuse into the agar. In the case of adjustment binders being combined into the agar 
medium, or, alternatively when combined into a liquid medium such as a broth, the 
unavailability may be the result of inactivation or weakening of the antimicrobial 
properties of the antibiotic through binding with the adjustment binder. The adjustment 
binders may also be included pre-applied to the sampling swab, for example by 
covalently binding the adjustment binder to the swab. 

Adjustment binders can be either specific to a particular drug for which the unadjusted 
test is overly sensitive or a binder for multiple drugs. One example of an adjustment 
binder for multiple drugs is a bacterial receptor, such as the beta-lactam receptor or 
receptors isolated fiom B.st. such as described in U.S. patents 4,239,745 and 4,239,852. 
Other possible sources of beta-lactam receptors include B. subtilis. Bacillus megaterium, 
S. aureus, Ps. aeuginosa and E. colL Examples of useful specific adjustment binders for 
particular drugs include monoclonal or polyclonal antibodies. Examples of use of 
antibodies for sensitivity adjustment are provided in U.S. Patent 6,319,466 the teachings 
of which are incorporated herein by this reference. 

Bacterial receptors such as those described above can be isolated and purified using 
known techniques, hi an embodiment, the beta-lactam receptor isolated firom B.st is 
used to adjust the sensitivity of a microbial inhibition assay using B.st as the growth 
organism. In such an embodiment, test sensitivity to all of the beta-lactams is reduced 
while test sensitivity to other antibiotics to which B.st is sensitive remains unaffected. 
This is a particular benefit when target sensitivity is European multi-residue levels 
(MRL*s) and/or U.S. safe levels, both of which allow beta-lactam in tissue at above the 
levels of detection of an unadjusted B.st microbial growth inhibition assay. 

Other bacterial receptors that may be useful include antibiotic receptors isolated from 
varibi^ part of bacterial or other cells including die ribosome or part of ribosome to 
^ch certain antibiotics bind. Examples of antibiotics that bind to or otherwise inhibit 
ribosome Amotion include tetracyclines, sulfonamides or fluroquinolones. Bacterial 
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growth inhibition by antibiotics such as tetracyclines, sulfonamides and fluroquinolones 
may be adjusted by the addition of such binders. 

In one embodiment, agar medium is provided in a reagent chamber such as a vial or viai- 
like device. Located in the same device can be a reagent compartment containing an 
appropriate sample preparation, extraction buffer. In an embodiment, an adjustment 
binder is added to the top of the culture medium. In another embodiment, an adjustment 
binder is mixed into the culture medium. In still another embodiment, the adjustment 
binder is stored separately and added to the culture media along with the sample addition, 
prior to sample addition or soon thereafter. 

Although the described embodiments include an agar matrix, it is also possible to adjust 
test sensitivity of a microbial inhibition assay, using the herein described adjustment 
binders, in a liquid growth matrix. 

Although we describe combining all test reagents, except sample preparation extraction 
buffer, in an agar medium, it is equally possible, although less user-friendly, to package 
some of the reagents separately. For example, nutrients can be provided in a separate 
compartment or in a separate tablet for addition to the agar medium. 

In another embodiment multiple test samples can be tested using a test plate for example 
a 96 well test plate. In such an embodiment media culture and adjustment binders can be 
provided together in the well. 

Description of the Drawings and Attachments 

Figures lA and IB illustrate the invention in the fonnat of the POCKETSWAB-PLUS 
type device. Figure 1 A is a schematic view of the swab removed from the test device 
affl FipSTl BTsarschematic"view of the test device containing the swab. In use of the 
swab type device of the invention, the swab 1 is removed from the body 3, by gripping 
the swab handle 2, and contacting the swab with the sample. The swab 1 is then 
reinserted into the body 3 and screwed longitudinally through the covering 9 of the 
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reagent chamber 4 and through the covering 10 of the reagent compartment 5 and into 
bottom of the reagent chamber 4. In an embodiment, the reagent compartment 5 contains 
an extraction buffer and the agar medium 6 is in the bottom portion of the reagent 
chamber 4. No extraction buffer is required for certain embodiments. In such 
embodiments, the reagent chamber may be provided without the reagent compartment 

Figures IC and ID illustrates use of the invention without the all-in-one format. Figure 
1 C illustrates the reagent chamber. Sample can be contacted with the agar matrix 6 
within the reagent chamber 4 either by breaking through the covering 9 with a pipet tip 
and pipetting the sample onto the agar or by using the swab to contact and absorb the 
sample. The swab 1 is then inserted into the reagent chamber 4 and pushed 
longitudinally througih the covering 9 of the reagent chamber 4 and into bottom of the 
reagent chamber 4. 

Figure IE illustrates four interconnected reagent chambers 20. The reagent chambers are 
intercoimected by a breakable material 21 so that one or more reagent chambers can be 
utilized. Within the bottom portion ofeach reagent chamber 4 is the agar medium 6. At 
the top of the reagent chamber 4 there is a puncturable covering 9 which can be a 
puncturable membrane or foil seal. The reagent chamber 4 can also be threaded 24 for 
optional attachment to the PocketSwab test apparatus. In test operation a swab or pipet 
tip can be used to puncture the seal 9 on top of the reagent chamber 4 prior to application 
of test sample to the agar medium 6. 

Example 1 : Preparation of Agar Medium 

The following agar medium can be used for detection of antibiotics and other inhibitors 
in a variety of matrices including, for example, urine, milk or kidney samples. 

1 ) Bromo cresol piirple (BCP)/Tris Solution 

Prepare Trizma base solution (TBS) by adding 2.5 grams Trizma Base to 100 mL of 
reverse osmosis/deionized water (RO/DI Water). 

Add 100 milligrams of BCP to 25 mL TBS and mix well. 
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2) Media Preparation 

Dissolve S grams glucose and 1 gram Mueller Hinton Broth into 100 mL RO/DI Water. 

Prepare a 0.01 mg/mL solution of trimethoprim in RO/DI Water and add 1 .2 mL to 
media. 

Add 20 mL of BCP/Tris (sterile filtered through 0.45 micron filter). 

3) Combine 0.3 grams Difco Bacto-Agar (Item # 0140-01), 0.225 NaCl and 17.485 
RO/DI Water. Mix and heat to 95'' C. Remove from heat and allow to cool to 75° C. 
Add 6 mL media (with BCP/Tris) and mix for 5 minutes. Cool to 57*^C and add 1 mL 
spore (concentration of 1 billion cfii/mL) and mix for 5 minutes. Dispense 0.200 mL 
into the reagent chamber. 

Note: To efficiently dispense agar medium, containing spores of B.sL, into the bottom of 
reagent chamber 4, the agar must be heated to approximately 57 degrees C. In an 
embodiment, dispensing is done rapidly, for example in less than one hour, preferably in 
45 minutes or less, so that the agar medium can be quickly cooled. If the agar medium is 
not quickly cooled, spores of B,sL will germinate prematurely. That is, spores will 
germinate prior to application of the sample. Excess premature germination will reduce 
test sensitivity. 

Another method for preventing premature spore germination, ^^ch can be used alone or 
in conjunction with rapid dispensing, is to increase the pH of the agar medium, for 
example to pH 9. The increase in pH provides non-optimal conditions for spore 
germination. 

After dispensing, run tests to determine if sensitivity is adequate. If sensitivity is not 
adequate repeat procedure using either more spores (if undersensitive) or less spores (if 
oversensitive) 



Example 2: Single Service Kidnev Test 

The dispensed reagent chamber is prepared as described in example 1 . 



Extraction buffer is prepared as follows: 

Prepare extraction buffer containing 47.2% Trizma Base and 52.5% Potassium Phosphate 
Monobasic. Add 4.8 grams of the mixture to 1000 mL RO/DI Water (pH should be 7.5 
+/-.10). 

Seal extraction buffer within reagent compartment S and add to reagent chamber 4. Heat 
seal reagent chamber 4 with Marsh heat sealing foil. 

Farm Kidney Swab Procedure (Note: this procedure is described below using a format in 
vrtich the swab is provided packaged within the test unit such as in the PocketSwab.) 

1 . Make a 3 inch incision into kidney. 

2. Withdraw the swab by gently pulling and twisting handle out of swab body. 

3. Insert swab into incision of kidney for IS minutes to allow full absorption of liquid 
into the swab. 

4. Hold the Kidneyswab nearly upright with the microtube pointing down for the 
remainder of the test. 

5. Reinsert the swab by gently pushing down and twisting to engage threads. 

6. Screw the handle down slowly about halfway. The swab tip will puncture the seals 
and immerse the swab into the extraction buffer. Let sit in buffer for 2 minutes. 

7. Screw swab all the way. Shake down liquid and tap several times so residual liquid 
enters vial completely and place mto heat block set at 67°C. 

8. Incubate for 2.5 hours (if urine is tested instead of kidney, incubate for 4 hours). 

9. Remove vials from incubator and observe vial color in comparison to 
reference colors. If negative control does not match color specified on protocol 
incubate an additional 10 minutes. 

Using the above procedure with the further addition of various amounts of beta-lactam 
receptor units to the fop of the culture media, from 6.3 units to 5.0 imits, test sensitivity to 
penicillin G, was reduced from 5 parts per billion to between 12.5 and 25 parts per 
billion. See example 4 below for receptor unit determination. 
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Example 3: Single Service Urine Test 

The agar medium is prepared as described in example 1. The extraction buffer is 
prepared as described in example 2: 

Farm Urine Swab Procedure (Note: this procedure is described below using a format in 
which the swab is provided packaged within the test unit such as in the PocketSwab as 
shown in Figure IB.) 

1 . Insert swab into urine sample for 10 seconds to allow full absorption into the swab. 

2. Hold the swab nearly upright with the microtube pointing down for the remainder of 
the test. 

3. Reinsert the swab by gently pushing down and twisting to engage threads. 

4. Screw the handle down slowly about halfway. The swab tip will puncture the seals 
and immerse the swab into the extraction buffer. Let sit in buffer for 2 minutes. 

5. Screw swab all the way. Shake down liquid and tap several times so residual liquid 
enters vial completely and place into heat block set at 

6. Incubate for 2.5 hours (if urine is tested instead of kidney, incubate for 4 hours). 

7. Remove vials fix)m incubator and observe vial color in comparison to 
reference colors. If negative control does not match color specified on protocol 
incubate an additional 10 minutes. 

Example 4: Sensitivity Adiusted Single Service Kidnev Test vyith Adjustment Binder 
(Receptor^ Combmed with Test Reagents 

Agar medium is prepared as in Example 1 . Prior to dispensing 200 microliters into 
reagent chamber 4, one inhibitory receptor unit is mixed into the agar medium. 
Determination of one receptor unit is made as follows: 

Receptor is defined as protein removed from cellular membrane of B.sL^ ATCC# 10149 
Required Chemicals: 
- i)50 ml Triton X.100 -Aldrich(ciatalog# 23,^^^^^ 

ii) 100 grams Sodium phosphate, dibasic, Anhydrous (Na2HP04) - Sigma 
(catalog #S-9763) 

iii) SO grams Bovine serum albimiin (BSA), protease-free Serologicals 
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(catalog #3100-01) 

iv) 100 grams Trichloroacetic acid (TCA) - Sigma catalog # T-9159 

v) 50 grams Sodium hydroxide (NaOH) Sigma (catalog # S-0899) 

Required Equipment: 

Radioactive waste container; Charm 6600 analyzen Calibrated pH meter; 4°C 
refrigerator; Fimie hood; 55^C incubator; Eye protection and gloves; Corrosive tape; 
Graduated cylinders (100 + 500 ml*s); Erlenmeyer flask (250 and 500 mi's); 
Small weighboats; Spatulas; Test tubes; 2-inch stirbars; Stirplate; Vortex; Parafilm; 
Absorbent towel. 

Buffer S formulatioa 

All concentrations below are grams per liter water. 

Fmal pH of Buffer S is pH 8.9 

5.55 Trizma Base 

2.25 Sodium Chloride (NaCl) 

1.0 Potassium Sorbate (C6H702K) 

1.0 Sodium Benzoate (C2HS02Na) 

0. 12 Benzalkonium Chloride 

0.105 Potassium Chloride (KCl) 

0.08 Calcium Chloride Hydrate (CaC12-H20) 

0.05 Sodium Bicarbonate (CHNa03) 

Receptor Unit Determination Test Preparation 

Buffer Preparation 

A Prepare 500 mL of Buffer S with 0.05% bovine serum albumin (BSA), pH 7.00 
as follows. 

1 . In a clean 500 mL graduated cylinder, measure out 500 mL of Buffer S. 

2. ICdd'fKe measuredbiiffiF' Sto^a clean 500 inL Erlenmeyer flask wi& a 2-inch 
stirbar. 

3. Weigh 0.25 ± 0.01 g of BSA into a clean weigh boat. 



4. Transfer the BSA into the flask of Buffer S, then mix on stirplate with 
medium speed setting until the BSA is Mly dissolved. 

5. Using a pH meter calibrated to 4.0, 7.0 and 10.0, adjust the pH of the solution 
to 7.00 ±0.05 with IMHCl. 

6. Seal flask with parafihn and then store in a 4X refrigerator. 

B. Prepare 100 mL of 30% Trichloroacetic acid (TCA): 

1 . Weigh 30,0 g ± .5 g trichloroacetic acid directly into a clean 250 mL 
Erlenmeyer flask with a 2-inch stirfoar and a mark at 100 mL. 

2. Bring the volume of the TCA solution to the 100 mL mark with ULTRA 
PURE H2O. Mix on stirplate with medium speed setting until the TCA is fully 
dissolved. 

3. Seal flask with parafihn and store at room temperature. 

C. Prepare 250 mL of 0.1% Triton X-100 in 0.2 M NaOH as follows: 

1. Weigh 0.25 ± O.Olg Triton X-100 directly into a clean 500 mL Erlenmeyer 
flask with mark at 250 ml. 

2. Add 1 50 mL ULTRA PURE H2O to the flask of Triton X-100, plus a stir bar, 
then mix on speed setting 5 until the Triton X-100 has completely dissolved. 

3. Weigh 2.00 ± 0. 1 g of NaOH (FW = 40.00) in a clean weighing dish. Add the 
NaOH to the Triton X-100 solution and mix to dissolve. 

4. Bring volume of solution to 250 mL with ULTRA PURE H2O. Seal flask 
withparafilm. 

5. Store solution at room temperature. 
Procedure 

A. Label a separate test tube for each amount to be tested (10, 20» 30 ^L), plus two 
zeroes. 

B. Add 10 ^L, 20 )xL, and 30 ^L of receptor to the appropriately labeled tube. 

C. bring the volume to 1 mL in each test tube with Buffer (Le.» add 990, 980, and 
970 mL, respectively). For the zeroes, use 1 mL Buffer S/BSA solution only. 

D. Add one Charm n 14C penicillin G tracer tablet to each sample, vortex 10 times, 
then mcubate samples at 55^C for 3 minutes. 



16 



E. After 3 minutes, mix samples again by vortexing S times, then return samples to 
5SX incubator for another 3 minutes. 

F. Add 300 of 30% trichloroacetic acid to each sample, then mix samples by: 
vortexing five times. 

G. Add 2 mL ULTRA PURE H2O to each sample, then centrifuge at 3400 rpm for 5 
minutes. 

H. Pour oflF supernatant fi-om each tube into radioactive waste container, then blot 
rims dry in absorbent towel. 

I. Add 300 \xL of 0.1% Triton X-100 in 0.2 M NaOH to each sample, then vortex to 
dissolve the pellets. Break up pellets completely. 

J. Add 3 mL Optifluor liquid scintiUation fluid to each tube, then vortex 10 times. 
K. Count each tube for 1 minute on Charm 6600 analyzer. Record sample cpm 
results. 

L. If a cpm result is higher than 3000 cpm, dilute the sample and repeat testing. 
One inhibitory xmit is defined as the volume of receptor solution needed to give a reading 
that is 1000 cpm's higher than the average zero cpm. Calculate the number of units per 
mL. 

Examples: Preparation of Agar Media Containing Two Buffer 

The following agar medium can be used for detection of antibiotics and oflier inhibitors 

in a variety of matrices including, for example, urine, milk or kidney samples and can be 

used alone in a test container or in the single service test unit in sensitivity adjustment 

examples. 

1) BCP/Borate/Succinate Solution 

a) Add 3.S grams of Borate and 6 grams Succinate to 100 mL of reverse 
osmosis/deionized water (RO/DI Water) in 125 mL flask. 

b) Add 50 milligrams of BCP to SO mL conical tube. 

Add 25 mL of Borate/Succinate solution to the 50 milligrams BCP and mix. 

2) Media Preparation 

Dissolve S grams glucose and 1 gram Muell^ Hinton Broth into 100 mL RO/DI Water. 
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Prepare a 0.01 mg/mL solution of trimethoprim in RO/DI Water and add 1 .2 mL to 
media. 

Add 20 mL of BCP/Borate/Succinate to media. 

Sterile filter through 0.45 micron filter. Cool to 4 degrees C. 

3) Combine 0.3 grams Difco Bacto-Agar (Item # 0140-01), 0.225 NaCl and 17 mL 

RO/DI Water. Mix and heat to 95° C. Remove from heat and allow to cool to 75° C. 

Add 6 mL media and mix for 5 minutes. Cool to 57°C and add 2 mL spore 

(concentration of 1 billion cfu/mL) and mix for 5 minutes. Dispense 0.200 mL into the 

reagent chamber. 

Note: To efficiently dispense agar medium, containing spores of Bst, into the bottom of 
reagent chamber 4, the agar must be heated to approximately 57 degrees C. In an 
embodiment, dispensing is done rapidly, for example in less than one hour, preferably in 
45 minutes or less, so that the agar medium can be quickly cooled. If the agar medium is 
not quickly cooled, spores of B.st, will germmate prematurely. That is, spores will 
germinate prior to application of the sample. Excess premature germination will reduce 
test sensitivity. 

Another method for preventing premature spore germination, which can be used alone or 
in conjunction with rapid dispensing, is to increase the pH of the agar medium, for 
example to pH 9. The increase in pH provides non-optimal conditions for spore 
germination. 

After dispensing, run tests to determine if sensitivity is adequate. If sensitivity is not 
adequate repeat procedure using either more spores (if undersensitive) or less spores (if 
oversensitive). 

The following Table 1 shows results from antibiotic detection tests using agar media 
described in Example 5. In test operation 200 microliters of various milk sample, spiked 
with known concentrations of antibiotics, were pipetted into test vials and incubated for 
the prescribed time (in this test 2 hours 10 minutes) and prescribed temperature (64 
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degrees C +A 2 degrees C). Results were recorded immediately after test completion 
and 16 hours later. 

Charni Scbnccs OiwSide Test Sensitivity Testing Results 
Table 1 

Incubation Time: 



2 hours and lOminutes at in various Charm Indronic 1 Incubatois. 



Drug: 

PeoG 

PenG 

AmoxidiUn 

Afflpidllin 

Cloxaciliin 

Cloxacillin 

Oxytetracycline 

Oxytetracycline 

Sul&metbazine 

Sulfamethazine 

Sulfadimethoxine 

Sutfadimethoxine 

Gentamicin 

Gentamicin 

Tylosin 

Tylosb 

Piriimycin 

Pirihnycin 

Ceftiofur Sodium 
Ceftiofur Sodium 

Cq)hapiiin 
Sul&doxine 
lilmicosin 
Neomycin 



Concentration: 

4n>b 
3ppb 
6ppb 
5ppb 
30 nib 

50ppb 

200 ppb 
300 ppb 

100 ppb 

200 ppb 

25 ppb 

50 ppb 

300 ppb 

400 ppb 

40 ppb 

50 ppb 

100 ppb 

200 ppb 

50 ppb 
100 ppb 

10 ppb 
100 ppb 
go ppb 

•750 ppb " 



Color (InitiaO: 



*ParemDnig Listed 

^ Total parent and metabolites 

Raw Milk: 0 

Represents Individual Bulk Tanker Samples 



% 

Positive 

100% 
(4/4) 
100% 
(2/2) 
100% 
(2/2) 
100% 
(4/4) 
100% 
(4/4) 
100% 
(4/4) 
0%(Q/4) 
100% 
(4/4) 
100% 
(4/4) 
100% 
(4/4) 
100% 
(4/4) 
100% 
(4/4) 
100% 
(4/4) 
100% 
(4/4) 
100% 
(4/4) 
100% 
(4/4) 
100% 
(4/4) 
100% 
(4/4) 
0%(0/4) 
0%(Q/4) 
100% 

100% 

(4/4) 

100% 

(4/4) 

100% 

(4/4) 



0% 

(0/16»») 



Color (16 
r/RT) 



% Positive Tolerance Levels 



USA 
100% (4/4) 5 

100% (2/2) 5 

100% (2AI) 10 

100% (4/4) 10 

100% (4/4) 10 

100% (4/4) 10 
0%(0/4) 300 
100% (4/4) 300 

100% (4/4) 10 

100% (4/4) 10 

100% (4/4) 10 

100% (4/4) 10 

100% (4/4) 30 

100% (4/4) 30 

100% (4/4) 50 

100% (4/4) 50 

100% (4/4) 400 

100% (4/4) 400 

0%(0/4) 50* 
0%(0/4) 50* 

100% (4/4) 20 
100% (4/4) Not listed 
100% (4/4) Not listed 
100%(4/4)NotUsted 



0%(0n6) N/A 



EU/MRL 
4 

4 

4 

4 

30 

30 

100 

100 

100 

100 

100 

100 

100 

100 

50 

50 

100 

100 

100^ 
100^ 

60 

Not listed 
Not listed 
Not listed 



N/A 
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Example 6: Preparation of Agar Medium Containing Two Buffer 

The following agar media can be used for detection of antibiotics and other inhibitors in a 
variety of matrices including, for example, urine, milk or kidney samples and can be used 
in a variety of formats including single service or sensitivity adjustment examples. 

1) BCP/Trizma/Succinate Solution 

a) Add 2.5 grams Trizma base and 6 grams Succinate to 100 mL of reverse 
osmosis/deionized water (RO/DI Water) in 125 mL flask. 

b) Add 40 milligrams of BCP to 50 mL conical tube. 

Add 25 mL of Trizma/Succinate solution to the 40 milligrams BCP and mix. 

2) Media Preparation 

Dissolve 5 grams glucose and 1 gram Mueller Hinton Broth into 100 mL RO/DI Water. 
Prepare a 0.01 mg/mL solution of trimethoprim in RO/DI Water and add 1 .2 mL to 
media. 

Add 20 mL of BCP/Trizma/Succinate to media. 

Sterile filter through 0.45 micron filter. Cool to 4 degrees C. 

3) Combine 0.3 grams Difco Bacto-Agar (Item # 0140-01), 0.225 NaCl and 17 mL 
RO/DI Water. Mix and heat to 95^ C. Remove fcom heat and allow to cool to 75** C. 
Add 6 mL media (with BCP/Tris) and nux for 5 minutes. Cool to 57''C and add 2 mL 
spore (concentration of 1 billion cfii/mL) and mix for 5 minutes. Dispense 0.200 mL 
into die reagent chamber. 

Note: To efficiently dispense agar medium, containing spoies of Bst, into the bottom of 
reagent chamber 4, the agar must be heated to approxunately 57 degrees C. In an 
embodiment, dispensing is done rapidly, for example in less than one hour, preferably in 
45 minutes or less, so that the agar medium can be quickly cooled If the agar medium is 
not quickly cooled, spores of B.st, will geiminate prematurely. That is, spores will 
germinate prior to application of the sample. Excess premature germination will reduce 
test sensitivity. 

Another method for preventing premature spore germinatioa, which can be used alone or 
in conjunction with r^id dispensing, is to increase the pH of the agar medium, for 



20 



example to pH 9. The increase in pH provides non-optimal conditions for spore 
germination. 

After dispensing, run tests to determine if sensitivity is adequate. If sensitivity is not 
adequate repeat procedure using eitiier more spores (if undersensitive) or less spores (if 
oversensitive). 

The following Table 2 shows results from antibiotic detection tests using agar media 
described in Example 5. In test operation 200 microliters of various milk samples, spiked 
with known concentrations of antibiotics, were pipetted into test vials and incubated for 
the prescribed time (in this test 2 hours 30 minutes) and prescribed temperature (64 
degree C +A 2 degrees C). Results were recorded immediately after test completion and 
16 hours later. 
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Charm Sciences CowSide Test Sensitivity Testing Results Form: 

Incubation Time: 2 hours and 30 miniutes at 64*C in various Chann Inctronic 1 lncut>ators. 

Results: 



Drug: 


Concentration: 


Test Result 


% Positive 


16hr Result 


% Positive 


Tolerance levels 














USA 


EU/MRL 


PenG 


4ppb 


Positive 


100% (4/4) 


Positive 


100% (4/4) 


5 


4 


PenG 


3ppb 


Positive 


100% (2/2) 


Positive 


100% (2/2) 


5 


4 


AmoxicOiin 


6ppb 


Positive 


100% (2/2) 


Positive 


100% (2/2) 


10 


4 


AmpiciIGn 


Sppb 


Positive 


100% (4/4) 


Positive 


100% (4/4) 


10 


4 


doxadllin 


30ppb 


Positive 


100% (4/4) 


Positive 


100% (4/4) 


10 


30 


Cloxadllin 


50ppb 


Positive 


100% (4/4) 


Positive 


100% (4/4) 


10 


30 


Oxytetracydine 


200 ppb 


Positive 


0% (0/4) 


Positive 


0% (0/4) 


300 


100 


Oxytetracydine 


300 ppb 


Positive 


100% (4/4) 


Positive 


100% (4/4) 


300 


100 


Sutfamethazine 


100 ppb 


Positive 


100% (4/4) 


Positive 


100% (4/4) 


10 


100 


Sulfamethazine 


200 ppb 


Positive 


100% (4/4) 


Positive 


100% (4/4) 


10 


100 


Sulbdimethoxine 


25 ppb 


Pos&ive 


100% (4/4) 


Positive 


100% (4/4) 


10 


100 


Suifadimethoxine 


50 ppb 


PosSive 


100% (4/4) 


Positive 


100% (4/4) 


10 


100 


Gentamtdn 


300 ppb 


Positive 


100% (4/4) 


Positive 


100% (4/4) 


30 


100 


Gentamtdn 


400 ppb 


Positive 


100% (4/4) 


Positive 


100% (4/4) 


30 


100 


Tylosin 


40 ppb 


Positive 


100% (4/4) 


Positive 


100% (4/4) 


50 


50 


Tylosin 


50 ppb 


Positive 


100% (4/4) 


Positive 


100% (4/4) 


50 


50 


Pirlimydn 


100 ppb 


Positive 


100% (4/4) 


Positive 


100% (4/4) 


400 


100 


Pirlimydn 


200 ppb 


Positive 


100% (4/4) 


Positive 


100% (4/4) 


400 


100 


Ceftiofur Sodium 


50 ppb 


Positive 


100% (4/4) 


Positive 


100% (4/4) 


50* 


100^ 


Ceftiofur Sodium 


100 ppb 


Positive 


100% (4/4) 


Positive 


100% (4/4) 


50* 


100* 


Cephapirin 


10 ppb 


Positive 


100% (4/4) 


Positive 


100% (4/4) 


20 


60 


Suifadoxine 


100 ppb 


Positive 


100% (4/4) 


Positive 


100% (4/4) 


Itot listed 


Not listed 


Tllmtcosin 


80 ppb 


Positive 


100% (4/4) 


Positive 


100% (4/4) 


Not listed 


Not listed 


Neomycin 


750 ppb 


Positive 


100% (4/4) 


Positive 


100% (4/4) 


NOT listeo 


Not listed 



* Parent Dnjg Listed 
* Total parent and metabolites 

Negative 0%(0/16) N/A N/A 



RawMiDc: 0 Negative 0%(Q/16**) 

^ Represents Individual Bulk Tartker Samples 
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Example 7: Preparation of Agar Medium Containing Two Buffer 

The following agar medium can be used for detection of antibiotics and other inhibitors 
in a variety of formats and matrices including, for example, urine, milk or kidney 
samples. 

1) BCP/Borate/Succinate Solution 

a) Add 3.8 grams of Borate and 2.7 grams Succinate to 100 mL of reverse 
osmosis/deionized water (RO/DI Water) in 125 mL flask. 

b) Add 100 milligrams of BCP to 50 mL conical tube. 

Add 25 mL of Borate/Succinate solution to the 100 milligrams BCP and mix. 

2) Media Preparation 

Dissolve 5 grams glucose into 100 mL RO/DI Water. 

Prepare a 0.01 mg/mL solution of trimethoprim in RO/DI Water and add 1.2 mL to 
media. 

Add 20 mL of BCP/Borate/Succinate to media. 

Sterile filter through 0.45 micron filter. Cool to 4 degrees C. 

3) Combine 0.3 grams Difco Bacto-Agar (Item # 0140-01), 0.225 NaCl and 18 ml RO/DI 
Water. Mix and heat to 95° C. Remove fix)m heat and allow to cool to 75** C. Add 6 mL 
media (with BCP/Tris) and mix for 5 minutes. Cool to 57°C and add 1 mL spore 
(concentration of 1 billion cfii/mL) and mix for 5 minutes. Dispense 0.200 mL into the 
reagent chamber. 

Note: To efficiently dispense agar medium, containing spores of Bst, into the bottom of 
reagent chamber 4, the agar must be heated to approximately 57 degrees C. In an 
embodiment, dispensing is done rapidly, for example in less than one hour, preferably in 
45 minutes or less, so that the agar mediimi can be quickly cooled. If the agar medium is 
not quickly cooled, spores of Bst will germinate prematurely. That is, spores will 
germinate prior to ^plication of the sample. Excess premature germination will reduce . 
test sensitivity. 

Another method for preventing premature spore germination, which can be used alone or 
in conjunction with rapid dispensir^, is to increase the pH of the agar medium, for 
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example to pH 9. The increase in pH provides non-optimal conditions for spore 
germination. 

After dispensing, run tests to determine if sensitivity is adequate. If sensitivity is not 
adequate repeat procedure using either more spores (if undersensitive) or less spores (if 
oversensitive). 
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Claims 

1 . A method for microbial inhibition analyte detection comprising buffering test 
components with at least two buffers, wherein one of said at least two buffers has a pka 
of above 7 and the other of said buffers has a pka of below 7. 

2. The method of claim 1 wherein one of said at least two buffers has a pka of about 8 to 
about 11 and the other of said buffers has a pka of about 4.S to about 6.S. 

3. The method of claim 1 wherein one of said buffers is succinate. 

4. The method of claim 1 wherein one of said buffers is borate. 

5. The method of claim 1 wherein one of said buffers is trizma base. 

6. The method of clahn 1 further comprising a method for reducing antibiotic sensitivity 
of a microbial culture comprising contacting said culture with at least one adjustment 
binder for at least one culture grov^ inhibitor. 

7. The method of claim 1 wherein said at least one adjustment binder comprises a 
microbial enzyme. 

8. The method of claim 7 wherein said at least one adjustment binder comprises a 
microbial cell wall, antibiotic receptor isolated from B.st, . 

9. A test £q>paratus for the microlna! culture, powth ^bition, detection of antibiotics in 
a test sample said test appaatus comprising an agar matrix within a reagent chamber, 

said agar matrix comprising agar, nutri ents, at least t wo buff ers and spores and.^d 

reagent chamber comprising a sealed bottom end and a membrane seal over the top end 
and wherein one of said buffers has a pka of above 7 and the other of said buffers has a 
pka of below 7. 
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10. The apparatus of claim 9 further characterized in that one buffer has a pka of about 8 
to about 1 1 and the other of said buffers has a pka of about S to about 6. 

1 1 . The ^paratus of claim 9 further characterized in that the biiffer with a pka of from 
about 8 to about 1 1 comprises trizma base. 

1 2. The ^paratus of claim 9 further characterized in that the buffer with a pka range of 
from about 8 to about 1 1 comprises borate. 

13. The ^paratus of claim 9 further characterized in that the buffer with a pka range of 
from about 4.5 to about 6.S con^irises succinate. 

14. The test apparatus of claim 9 frirther comprising a method for reducing antibiotic 
sensitivity of a microbial culture comprising contacting said culture with at least one 
adjustment binder for at least one culture growth inhibitor. 

15. The test apparatus of claim 9 wherein said at least one adjustment binder is combined 
with said microbial culture. 

16. The test apparatus of claim 9 wherein said microbial culture comprises bacterial 
siK>res. 

17. The test apparatus of claim 9 wherein said microbial culture comprises spores of Bm. . 

18. A test apparatus for the microbial culture, growth inhibition, detection of antibiotics 
in a test sample requiring extraction said test apparatus comprising: 

a) at least one container having a membrane seal over a first end and a second end 
to'fomi aTreaj^tl^mpartment; 

b) an agar matrix within a reagent chamber, said agar matrix comprising agar, 
nutrients and spores; 
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c) said reagent chamber comprising a sealed bottom end and a membrane seal over 
the top end, 

wherein, said agar matrix includes at least two buffers and wherein said at least two 
buffer comprise a buffer at below pka 7 and a buffer at above pka 7. 

19. The test apparatus of claim 18 wherein an extraction reagent is provided within said 
reagent compartment. 

20. The apparatus of claim 18 wherein said membrane seal comprises a metallic foil seal. 

21. The apparatus of claim 18 wherein said spores comprise spores of Bacillus 
(Geobacillus)stearothennophiIus. 

22. The test apparatus of claim 1 8 wherein the growth inhibition of said microbial culture 
is reduced by the addition of at least one adjustment binder for one or more inhibitors to 
which said culture is sensitive. 

23. The test apparatus of claim 22 wherem said at least one adjustment binder is provided 
within said reagent compartment 

24. The test apparatus of claim 22 wherein said at least one adjustment binder is provided 
within said agar matrix. 

25. The test apparatus of claim 22 M^erein said at least one adjustment binder is added to 
the top of the agar matrix. 
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